The Oxford hip and knee scores are used to measure the outcome after primary total hip and knee replacement. We propose a new layout for the instrument in which patients are always asked about both limbs. In addition, we have defined an alternative scoring method which accounts for missing data. Over a period of 4.5 years, 4086 (1423 patients) and 5708 (1458 patients) questionnaires were completed for hips and knees, respectively. The hip score had a pre-operative median of 70.8 (interquartile range (IQR) 58.3 to 81.2) decreasing to 20.8 (IQR 10.4 to 35.4) after one year. The knee score had a pre-operative median of 68.8 (IQR 56.2 to 79.2) decreasing to 29.2 (IQR 14.6 to 45.8). There was no further significant change in either score after one year. As a result of the data analysis, we suggest that the score percentiles can be used as a standard for auditing patients before and after operation.
The Oxford hip and knee scores are used to measure the outcome after primary total hip and knee replacement. We propose a new layout for the instrument in which patients are always asked about both limbs. In addition, we have defined an alternative scoring method which accounts for missing data. Over a period of 4.5 years, 4086 (1423 patients) and 5708 (1458 patients) questionnaires were completed for hips and knees, respectively. The hip score had a pre-operative median of 70. There was no further significant change in either score after one year. As a result of the data analysis, we suggest that the score percentiles can be used as a standard for auditing patients before and after operation.
The need to measure the outcome of surgery has been recognised for many years. However, it is only in the last decade that the routine use of outcome instruments has been introduced into orthopaedic practice. There are several measures available for total hip (THR) and total knee (TKR) replacements but the Harris 1 and Charnley 2 hip scores, and the Hospital for Special Surgery knee score, have dominated the literature. 3, 4 The traditional approach has been to measure both signs and symptoms, a system which imposes a heavy burden on clinical resources. As a consequence, the emphasis has moved to the design of patient self-reporting questionnaires which are simpler to implement and have improved because of the increased psychometric knowledge on validation and reliability which is now available. 5 Despite the availability of outcome instruments, they are infrequently used for routine surgical audit. In this prospective study we present the results of applying Oxford hip and knee questionnaires 6, 7 to patients undergoing THR and TKR, with their four-year follow-up results. Some standards for the use of these scores in auditing the progress of patients are given. Changes made to the layout of the hardcopy version of these instruments, and to the scoring method, are also presented.
Patients and Methods
Questionnaires were given to patients over the age of 16 years who underwent primary THR or TKR at the Royal Orthopaedic Hospital, Birmingham. The knee measure was introduced in 1997, initially for a single surgical firm, so that any logistical problems could be resolved. Gradually, over a year, its use spread to the entire arthroplasty service of the hospital. At the end of the first year, the hip questionnaire was introduced. Patients who underwent a joint replacement for tumours were excluded from the analysis. Our results include data to July 31, 2003. For pre-operative data, only measurements made at six months or less before the operation were included. The hospital undertook almost 2000 primary joint replacements each year over the period of study. Given this large number and limited resources, it was impossible to recruit every eligible patient. Selection of patients' was not systematic but consisted of recruiting and gaining consent from as many patients as possible each day from the outpatient clinic. It is possible that this method may have introduced bias into our results. Instruments. The Oxford hip and knee scores are higher when the disability is greater. In the original publications the layout and scoring of the two questionnaires were very similar. 6, 7 They were designed for a single joint and comprise 12 questions. Each has a stem and five graded alternatives which are scored from one to five (Table I) .
The layout of the questionnaires has been changed ( Fig. 1) . We found that patients commonly had problems with both limbs and found it difficult to answer the questions on a unilateral basis. We therefore adapted the questionnaires so that pain and function could be recorded bilaterally. This allowed the patients to apportion disability to a specific side and extended the scope of the instrument, not only for comparison between sides but also for the observation of changes in the contralateral joint.
The scoring of the questionnaires was also changed. The published method was cumbersome. A healthy joint would gain a final score of 12 with 12 questions scoring one point each and the worst possible joint would gain a score of 60 (12 x 5). We adopted an alternative scoring system in which each question was scored between zero and four and the final index was expressed as a percentage. A healthy joint thus scored 0% and the worst possible joint 100%. In the original publications no indications were given as to how to record a score if the questionnaire was incomplete or if multiple boxes had been marked for one question. This could lead to ambiguity. For example, a totally healthy patient who omitted one question would score 11 points. We therefore used the system defined for the Oswestry Disability Questionnaire. 8 If multiple boxes were marked, the highest mark was used. For omitted questions, the score was expressed as a percentage of the total score possible, but only using those questions which were actually answered. Any questionnaire with more than two omitted questions was excluded. Storage and analysis of data. Data were stored on the hospital's audit database. This is an SQL database (Oracle Corporation, Redwood Shores, California) which is connected to the hospital's intranet. In addition to outcomes, the database stores other information such as details of the patient, waiting times, operations, health status and complications. Our results have been taken from their database and were analysed using the R statistical package. 9 Many of the results are presented as box-and-whisker plots. An explanation of how to interpret these is given in Figure 2 . Interquartile ranges (IQR) have been expressed as ranges between limits rather than the absolute differences in order to emphasise asymmetry around the median. We have also quoted the 95% confidence interval (CI). Acquisition of data. According to the hospital's protocol patients undergoing THR and TKR should be measured pre-operatively and at six weeks, three months (knees only) and one year post-operatively at follow-up clinics. Subsequently, they should be sent the questionnaire annually by post. In practice, the follow-up times varied substantially from these planned intervals. Our results are therefore grouped into six-month periods rather than fixed-time intervals. Some of the data were obtained directly from computerised records using in-house software which had been designed for patient interviews. 10, 11 This facility was withdrawn by the hospital management at an early stage of 
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The box-and-whisker plot is constructed with a filled bar (i.e. box), the ends of which represent the 25% and 75% percentiles. The horizontal line within the bar is the median. The difference between the 25th and 75th percentiles is the interquartile range (IQR). The indents on the bar sides represent the approximate 95% CIs for the median. If, in any two boxes, these notches do not overlap, then the medians are significantly different at the 5% level. The upper whisker extends to the most extreme data point which is no more than 1.5 times the IQR from the 75th percentile. Similarly, the lower whisker extends to the most extreme data point which is not less than 1.5 times the IQR from the 25th percentile. The mean (diamond symbol) and its 95% CIs (arrows) are superimposed in Figures 3 and 4 . Fig. 2 our study so that most questionnaires (approximately 95%) were completed in their hard-copy format either in the clinic or by postal follow-up. The answers from this hard-copy version were transcribed to the database by clerical staff.
Results
Over the period of study 4086 THR questionnaires (1423 patients, 131 bilateral) met the criteria for analysis. Ten questions were answered in 68 (2%) and 11 in 291 (7%) questionnaires. For TKR there were 5708 (1458 patients, 281 bilateral) responses. This sample represents 19% of the THRs undertaken and 17% of the TKRs undertaken in the hospital during the period of the study. The distribution of these patients in the two groups, and some of their details, are shown in Table II . The number of forms and the mean follow-up times are summarised in Table III . For the hips, of the 4086 forms, 1663 (41%) questionnaires were completed for the operated side only, 483 (12%) for both sides and 1940 (47%) discriminated between the two sides. For the knees, of the 5708 forms, 2038 (36%) questionnaires were completed for the operated side only while 690 (12%) were completed identically for both knees. This left 2980 (52%) questionnaires which discriminated between the two knees.
The distribution of the pre-and post-operative scores for the hips and knees is shown in Figure 3 . The number of forms completed and the mid-point for each six-month interval shown in Figure 3 are given in Table III . The hip plot showed a steady and significant decline in the median score, judged by the non-overlapping CIs for the first postoperative year, from a pre-operative value of 70.8 (IQR 58.3 to 81.2) to 20.8 (IQR 10.4 to 35.4). There was then no further significant change in the median for the remainder of the period of study. For the knees, again there was a significant decline in the median score for the first year, from 68.8 (IQR 56.2 to 79.2) to 29.2 (IQR 14.6 to 45.8) after operation and then there was no further significant change. The way in which the score distribution for individual answers had changed to account for these lower post-operative values is illustrated in Figure 4 for the 1.5-to two-year interval. For example, for the data on the knees it can be seen that the pre-and post-operative median for question 7 remains at a maximum score of four points. Thus the patients cannot kneel before the operation and still cannot kneel afterwards.
Discussion
Since publication, the Oxford hip and knee questionnaires have been used by several authors for measuring selfreported disabilities. Most of these publications are from the UK 12, 13 with the North American literature showing a preference for the WOMAC index.
14-16 Dunbar et al 17 found a better response rate for the Swedish version of the Oxford knee questionnaire compared with the WOMAC index. The Oxford instruments were chosen for our study because they are valid, 18 reliable, 6,7 free and the designs are based on the Oswestry disability index which has been successful in assessing spinal problems. 8, 19 The changing of any outcome instrument is fraught with problems. 5 Although the wording of the actual questions in the instruments has not been changed, there is no reason to suggest that the validity of the questions has altered. The application of the instrument to both sides simultaneously may produce different results. In a set of single-sided applications of the Oxford hip questionnaire, patients were also asked to comment freely on their operation. 20 Some with bilateral disease scored a nearly maximum disability but commented that their operation was "wonderful and they could not wait for the other side to be done". This clearly was not the required response. By contrast, a question such as "Have you been able to climb a flight of stairs?" is unambiguous since it either can or cannot be accomplished to some extent. Despite this, many patients answer the questions in such a way as to attribute all their limitations of activity and pain to one side of their body. McGrory and Harris 21 used the WOMAC index (disease-specific) and a self-reporting adaptation of the Harris hip score (joint-specific) to investigate if the WOMAC index could be used for bilateral disease. They used correlation to measure agreement and did not specify how the questionnaires were applied. They concluded that the WOMAC index could be used to measure disability in a bilateral situation. McMurray et al 22 commented on the problems of bilateral disease and other comorbidities in a review of the Oxford hip score. Harcourt, White and Jones 23 drew attention to the problem of specificity of the knee score when lumbar spine and hip morbidity co-existed. It may therefore be that scores from the new layout of the questionnaire (Fig. 1 ) cannot be compared directly with those obtained from the original layout. The justification for changing the scoring systems was based upon two factors. First, the original scoring system was not intuitive. We felt that it was unnatural to have an index for which a healthy joint scores 12 and for a completely disabled joint scores 60. We considered it to be more appropriate to have a score of 0% and 100%, respectively. Secondly, the method of scoring was not well defined since the original hip and knee questionnaires did not describe how to deal with missing data. A healthy joint should score 12 points in the original system but a missing answer would change the score to 11 points. Our method gave a score of 0% in both cases. The management of incomplete responses or of multiple responses to one question is most important. This problem always exists when using hard-copy questionnaires. y = (100 -0)/(60 -12) x -25 where x is the original scoring system, y is the new percentage system and the slope is given by the ratio of the maximum range of score in each scale. This change in scale is analogous to changing from Fahrenheit to Celsius on a thermometer. Any inferences made do not change as long as the scale is linear. If only 11 or ten questions are answered, the slopes become 100/(55 -11) and 100/(50 -10), respectively, and the theoretical intercept stays constant at -25. The missing data in our study are small so that a best-fit straight line through the data has a minimal impact on the results (slope ≠ 2.08 and 2.08. intercept ≠ -24.45 and -24.33 for hips and knees, respectively). If data are reported without accounting for missing or mismarked questions, the results are impossible to interpret.
The results of Figure 3 confirm the success of these two operations in reducing pain and disability. In a large study (n = 7151), Fizpatrick et al 25 analysed the results for hip replacement over a 12-month period and reported a preoperative mean score of 67.7 (95% CI 67.3 to 68.1 when converted to new units) and a three-month follow-up mean score of 28.5 (95% CI 28.1 to 29.0). These means and intervals are within the 95% CI for the mean value which we obtained (Fig. 3b) . However, because of the asymmetry of the data, the mean was not a good value to use in our study. Comparative results for the same time period as our The high post-operative values of question 7 (the ability to kneel) of the knee instrument (Fig. 4a) are important. Palmer et al 27 has noted that many patients only perceive that they cannot or should not kneel. This question partly contributes to the higher steady-state score for knees. The low pre-operative median score for question 2 (washing), in both the hip and knee questionnaires, suggests that this activity does not pose a particularly serious problem for patients, although the median score does significantly change after surgery to 1 (THR) and 0 (TKR). The sensitivity to change of the Oxford scores was established at the time of its first publication, and subsequently by the original authors. 28 The data presented in Figure 3 are not useful as a reference standard for audit. The ideal would be to produce a standard chart, similar to a paediatric growth chart, by which patients can easily be monitored at outpatient clinics. Figure 5 shows such charts for the hip and knee produced by best-fit curves to the percentiles of Figure 3 using a simple exponential model. These data can be transformed to straight-line plots by using a log scale for the y-axis for those who prefer such a presentation. These plots have not been constructed from longitudinal data and represent values which could be expected with a single application of the instrument. They have not been constructed from information about patients' changes in score with time. From Figure 5 , an individual surgeon can determine the degree of audit which should be introduced. Thus, it may be decided that a patient who was below the 25% percentile pre-operatively should be checked to see why, with such a low score, an operation was planned. Similarly, post-operatively it may be decided that any patient who scored above the 75% percentile should be audited to see why they were worse than 75% of the other patients at that time-point. If words are preferred to numbers, the attributes poor (>90 percentile), below average (75 ≤ 90), average (25 ≤ 75), above average (10 ≤ 25) and excellent (≤10) could be considered for the results of treatment.
Our study has analysed 6336 and 4687 responses to the Oxford hip and knee questionnaires, respectively, over a period of 54 months. A standard for surgical audit has been proposed based on a sample from one hospital and various grades of surgeons. The setting of these standards will need to be reviewed as the sensitivity and specificity of samples from other hospitals and surgeons are published. However, our results give a baseline for comparisons, with the possibility of deviations from the standard forming the basis for audit and survival analysis in the future.
